Extrinsic and intrinsic factors governing cell fate in cortical progenitor cultures.
Central nervous system germinal zones contain stem cells that generate both neurons and glia. In the recent past, these cells have been isolated, maintained in a variety of culture systems and used in vitro for subsequent characterization of molecular mechanisms underlying brain development. Factors that govern cell fate choices of these neural stem cells have not been fully elucidated, but recent studies suggest that age at the time of culture is an important intrinsic mechanism. Stem cell mitogens and Notch-DSL signaling are significant extrinsic factors. In the current study, we compare neurosphere cultures propagated from animals on embryonic day 12, embryonic day 18 and the day of birth and stimulated to divide by either basic fibroblast growth factor (bFGF) or transforming growth factor-alpha (TGF-alpha). As described for other systems, when bFGF was used, clonal neurospheres derived from the youngest age gave rise to a greater percentage of neurons. When TGF-alpha, acting via the epidermal growth factor receptor, was used, this effect was not observed, with neurospheres from younger animals giving rise to a similar percentage of neurons as those derived from older animals suggesting that this growth factor was either stimulating a different population of stem cells to proliferate, or that it was capable of overriding intrinsic mechanisms. Other differences were also observed when the two growth factors were compared, including age-dependent differences in the numbers of putative astrocytes and oligodendrocytes formed. We further assessed age-dependent influences on cell fate by assessing the effects of a lentivirally transduced constitutively activated Notch receptor on cell fate. At all ages studied, Notch activation resulted in a significantly greater number of GFAP-positive cells, seemingly overriding the greater neurogenic potential of younger stem cells. These data suggest that both extrinsic and intrinsic factors differentially regulate cell fate choices of progenitors during cortical development.